The development of techniques for the prenatal diagnosis of severe genetic disorders in the fetus must be regarded as one of the most important advances in clinical practice in the past ten years (for review see Milunsky, 1973; Harris, 1974; FergusonSmith, 1974) . When applied to pregnancies recognized to be at risk of chromosome aberrations, open neural tube defects and a variety of other genetic disorders, prenatal diagnosis and selective termination of affected pregnancies can lead to a substantial reduction in the birth incidence of these disorders and allow families at risk the opportunity of having normal children. It appears that the procedure, available only in the larger centres in Britain, is acceptable to the majority of patients and practitioners. The demand for prenatal diagnosis is increasing rapidly at present (fig 1) and there is considerable pressure to make it more generally available. It therefore seems an appropriate time to review past experience, and consider in which situations prenatal diagnosis has been shown to be of most value so that sensible decisions can be made about the type of service to be provided in the future. This paper reviews seven years' experience in providing prenatal screening for fetal chromosome aberrations in the west of Scotland. In addition to providing useful information on the indications for prenatal diagnosis, on the frequency of fetal chromosome aberrations in certain groups at risk, on the benefits to individual families and to the community, our analysis has implications for the future planning of prenatal diagnostic services.
Materials and Methods
Patients are referred from a variety of sources, including general practice, and from obstetric, paediatric and other specialist clinics, and many are seen first through the genetic advisory service. Before being accepted for amniocentesis the pregnant woman and her husband are given genetic counselling and advised about the risks of amniocentesis, the limitations of the diagnostic technique and the possibility that the amniocentesis might have to be repeated. Many of the patients are seen at the genetics clinic before becoming pregnant to assess the iisk to future pregnancies and all but a few have indicated clearly that they would agree to termination in the event that a fetal abnormality is detected. In all cases, it is made clear that the prospective parents are free to decide whether or not to accept the option of prenatal diagnosis.
A sterile amniotic fluid sample, usually 15-20 ml but sometimes much less, is obtained by trans- abdominal amniocentesis at about 16 weeks' gestation (range 14-24 weeks). The preferred procedure is that the patient attends the Ultrasonography Department as an outpatient and amniocentesis is performed under aseptic conditions using a local anaesthetic and under the direct guidance of ultrasound. The fetal heart activity is checked before and after amniocentesis and all Rh-negative mothers receive 100 ,ug of anti-D gammaglobulin after amniocentesis to protect them from the possible hazard of isoimmunization.
The majority of amniotic fluid samples are received in the laboratory on the day of amnio-chromatin analysis. This sample is diluted in 100 ml of normal saline and filtered through an SM Millipore filter, washed with normal saline and the amniotic fluid cells fixed in situ on the filter using 95% ethanol. The complete filter is stained in 1 % cresyl echt violet and mounted, face up, in DePeX on a standard microscope slide. Only well fixed amniotic cell nuclei are scored for X-chromatin. A further 1-2 ml of amniotic fluid is added to an equal volume of freshly prepared alcohol:acetic acid fixative (3:1) and is centrifuged after 10-15 minutes. Of the cell deposit, 0 75 ml resuspended in fixative is used to make air-dried slides in a cytocentrifuge (Shandon). These preparations are stained in 0-5 % aqueous quinacrine dihydrochloride and examined directly under the ultraviolet microscope for the frequency of fluorescent Y-chromatin in amniotic cell nuclei.
The remainder of the amniotic fluid sample is used to prepare amniotic cell cultures by a modification of an in-situ method, previously described (Ferguson-Smith et al, 1971 ). The sample is centrifuged for 20 minutes at 250 g, and the cell deposit (resuspended in 1 ml of amniotic fluid) is divided equally between four 30 mm plastic petri dishes. The cells are covered by a sterile coverslip, and 2 ml of culture medium (Ham's F.10 + 30% fetal calf serum) is added to each dish and the dishesare incubated at 370C in 5% C02. The cultures are continued, replacing the medium every three days, until an active monolayer is apparent (average seven to 10 days). The coverslip is removed into a new dish with fresh medium and inspected again to ensure that the monolayer is on the coverslip and not in the dish. Eight ,ug of colcemid is added 24 hr later and allowed to act at 37°C for five to six hours. The medium is replaced with 0-075% KCl at 370C for M. A. Ferguson-Smith and M. E. Ferguson-Smith 40 to 50 minutes, and the cells are fixed by adding 1 ml of fresh 3:1 absolute alcohol:glacial acetic acid to the KCl in the dish. After 30 seconds the fluid in the dish is replaced by fresh fixative for 10 minutes. The coverslip is removed, dried quickly in air and stained. Although it is important to make the diagnosis on the primary cultures, the cells which remain attached to the petri dish after removal of the coverslip can be redistributed by trypsinization and used to make fresh coverslip preparations or airdried drop preparations of cells fixed in suspension. Routinely, the first coverslip to be harvested is stained in 2% aceto-orcein and if adequate counts are obtained, subsequent coverslips are stained by the ASG method (Sumner et al, 1972) , the trypsinLeishman method (Seabright, 1973) Table I shows that the most frequent indication for fetal chromosome analysis in our series is increased maternal age. In 121 mothers 40 years of age or over, an unbalanced chromosome aberration was detected in seven pregnancies and missed in one pregnancy. In another pregnancy a balanced 4/6 translocation ( fig 2C) was unexpectedly discovered; the father was later shown to carry the same translocation. Without including this case, the abnormality rate in pregnancies in this maternal age category is 6-6% and the eight individual aberrations comprised seven cases of trisomy-21 Down's syndrome (fig 2A) , and one case of XXY Klinefelter's syndrome ( fig 2B) . Among the 72 women who were tested because they were between the ages of 35 and 39 years, only one pregnancy (14 %) was abnormal and this proved to be affected with XXY Klinefelter's syndrome.
One hundred and four mothers who had a child with trisomic Down's syndrome requested amnio- children of the predicted sex. (It is hoped to present full details of these cases elsewhere.) Twelve pregnancies were at risk for X-linked disorders which could not be specifically diagnosed in utero. Fetal sexing was undertaken in these cases to give the parents the option of selective termination should the fetus be male and consequently have a 50 % chance of being affected. In the five pregnancies at risk of Duchenne muscular dystrophy fetal sex was found to be female in four and so only one pregnancy was terminated. Although both cases at risk of haemophilia proved to have male fetuses, the option of termination was only taken in one; the other pregnancy resulted in a normal unaffected male. In the two cases at risk of chronic granulomatous disease, both were male but only one was terminated; fetal chromosome analysis showed that this fetus was also affected by trisomic Down's syndrome. In the remaining single pregnancies at iisk of X-linked hydrocephalus, spondyloepiphyseal dysplasia tarda and the Wiskott-Aldrich syndrome, the fetal sex was female and the pregnancies were allowed to continue to term. In all cases X and Y chromatin analysis gave correct predictions of the fetal sex within 48 hours of the amniocentesis, although confirmation by fetal chromosome analysis was usually sought before termination.
In addition to the 353 pregnancies tested because of an increased risk of fetal chromosome abnormality, or for the determination of fetal sex, prenatal chromosome analysis was also undertaken in 363 cases in which the primary indication was not a chromosome aberration; the majority of these were pregnancies at risk of an open neural tube defect. and we believe that it should not be used for trivial indications such as to satisfy curiosity about the fetal sex.
Prenatal screening for fetal chromosome aberration in this series has thus resulted in the selective termination of nine pregnancies affected with trisomic Down's syndrome, two pregnancies affected with XXY Klinefelter's syndrome, two pregnancies affected with a chromosomal translocation and one pregnancy affected with the triple-X syndrome. One fetus affected with trisomic Down's syndrome was missed, and 12 other pregnancies continued normally after being shown to have either a balanced chromosomal translocation or (in two cases) an extra small chromosome of no clinical significance.
Discussion
Although there may come a time in the future when the majority of prospective parents request prenatal screening in every pregnancy, it would seem desirable and practical in the meantime to restrict this procedure to pregnancies in which the risk of fetal abnormality is substantially greater than the population risk. The arguments for selective screening are first that the skilled personnel and equipment which would be required for universal screening are not available and the cost of providing them would be prohibitive; secondly, the risks associated with early amniocentesis, at present small, would undoubtedly increase if it became a routine part of antenatal care; thirdly, the concept of selective termination of abnormal pregnancies is not universally accepted and at present insufficient is known about the emotional and psychological consequences.
The present series shows that the most important indication for fetal chromosome analysis, at least in numerical terms, is the risk of Down's syndrome in older mothers. In a recent retrospective Swedish study (Lindsj6, 1974 ) the risk of giving birth to children with trisomic Down's syndrome in mothers aged 35-39 years and 40-45 years was estimated to be 04% and 1P5% respectively. Although these rates are higher than those found in similar studies in the past, they represent less than 30 % of the rates found prospectively in our study. Although our series is comparatively small, it appears to be consistent with the findings in other European centres (Galjaard, personal communication) . The discrepancy between the retrospective and prospective findings is unlikely to be due entirely to the loss of trisomy 21 pregnancies between the time of amniocentesis and delivery, although it is conceivable that some of those detected by prenatal diagnosis would have been stillborn and unrecognized. A more likely explanation is that the frequency of Down's syndrome at birth has been consistently underestimated.
The conclusion that Down's syndrome is much more common than suspected in women over the age of 35 years has important implications for the provision of prenatal screening. If one in 20 of pregnant women aged 40 years and over are at risk of bearing a child with Down's syndrome, the argument for making prenatal diagnosis available to them is overwhelming. According to Lindsjo (1974) , this group represents only 1-6 % of all pregnancies so that the provision of the necessary facilities would not be insuperable. In the west of Scotland, with a population of just under 3 million, this would mean a maximum of 600 amniocenteses per annum. The number could be reduced further by a health education programme aimed to advise young women to complete their families by the age of 35 years, and to advise older women that prenatal screening is available.
Complete screening of the 40-years and older age group would reduce the birth incidence of Down's syndrome by about 21 '. Screening the much larger group of mothers aged between 35 and 40 years (6% of all pregnancies) would detect 17% of Down's syndrome births. Evidence is presented elsewhere that economic benefits would balance costs if all mothers 35 years of age and over were included in a screening programme (Hagard and Carter, 1976) . A lack of trained personnel and laboratory facilities means that it is impractical at present to attempt this on a wide scale, but this undoubtedly should be the aim for the future.
In younger mothers who have already had a child with trisomic Down's syndrome the empiric risk of recurrence estimated from retrospective studies is generally estimated to be about 1 %, and this is confirmed in the present prospective study. Many mothers have extreme anxiety about this compara-tively small risk and regard prenatal chromosome analysis as offering them the only chance to have a normal family. For this reason alone, it is important that prenatal screening should be made available to this group.
In the remaining categories of patients judged to be at risk of a fetal chromosome aberration the numbers involved are small although the risks tend to be higher. In theory the risk of a chromosomally unbalanced conception when the parent has a balanced chromosomal translocation is about 50%, but in practice we find that prenatal testing at 16 weeks' gestation reveals that the risk is only about 5%. One explanation is that the majority of abnormal conceptions are lost by spontaneous abortion before the time of amniocentesis. We have noted this occurrence in several of our patients booked for amniocentesis.
In cases of X-linked recessive disease for which there is no specific biochemical test, selective termination on the basis of fetal sex may be the only alternative to risking a further affected child. For every affectedmale fetus aborted, on average one normal male fetus will be sacrificed. It is essential that research should be directed at establishing specific diagnostic tests for these disorders. We have been fortunate in our series in that of the five pregnancies at risk of Duchenne muscular dystrophy by chance four were female and could be saved. As early diagnosis of fetal sex is so important in these cases, we have felt it in order to advise the patient on the basis of sex chromatin examination of direct preparations ofamniotic fluid cells if the fetus is female. Confirmation by fetal chromosome analysis is awaited before recommending termination of a male fetus. Although several centres regard fetal sex chromatin analysis as unreliable, we feel justified in using it by our successful experience with the Millipore filter technique (Ferguson-Smith et al, 1971) . This is undoubtedly a major improvement in the technology of fetal nuclear sexing, as it provides fixation of amniotic cell nuclei much superior to that obtained in airdried smears. In all cases submitted for fetal sexing it is important that chromosome preparations from both parents should be examined for fluorescent polymorphisms and for Y chromosome variation so that Y-chromatin counts can be interpreted accurately.
Undoubtedly the major hazard in fetal chromosome analysis is the hazard of growing maternal cells instead of fetal cells. The growth of maternal cells tends to be associated with a difficult amniocentesis, attempted at too early a gestation, and a scanty blood-stained sample. The maternal cells appear to be exclusively fibroblast in type and it is likely that they are included in the sample either during insertion of the needle or during withdrawal when negative pressure is applied to the syringe. It is therefore essential to use a stilette with the needle and to discard the first and last few drops of amniotic fluid withdrawn into the needle. During culture it is unlikely that all primary cultures will be contaminated with maternal cells, and so an incorrect diagnosis is avoided if several cultures are analysed. The insitu method of analysis described here permits cytogenetic analysis of each clone separately which is a further safeguard. If the diagnosis has to be derived from one culture and if the cells have a female karyotype and are exclusively fibroblast in type, the mitoses should be examined for paternal chromosomal polymorphisms. If this fails to resolve the difficulty of distinguishing between fetal and maternal cells, the amniocentesis should be repeated.
A chromosome aberration arising by somatic mutation in amniotic cell cultures is a possible source of incorrect diagnosis. This is less likely to lead to difficulty if primary in situ type culture systems are used rather than systems in which chromosome preparations are made after typsinigation. In general, chromosome aberrations which are found in only one clone in one primary culture are likely to have arisen in vitro and should be disregarded.
Human cytogenetics is a highly specialized disci- 
